local quantities achievedinside the rapid transition region such asthe minimum divergence.
The conclusion seemsto be that, when fully resolving the flow is either impossibleor too costly, a "capturing" schemesuch as ENO can be usedon a coarsegrid to obtain at least somepartial information about the flow. In this paper weperform a similar numerical study for the incompressibleequation (1.1), to seewhat one can get by using the high-order ENO schemeson a coarsegrid, without fully resolvingthe flow. We choosedoubly periodic shearlayers,usedin [1] 
where 2p is the order of the filter and a is chosen so that e -_ is machine zero, can be used to enhance the stability while keeping at least 2p-th order of accuracy. This is especially helpful when the projection P is used for tlie under-resolved coarse grid with ENO methods.
We use the fourth order projection (2.,5) and the filter (2.6) with 2p = 8 in our calculations. :
where o'_ and o-_ are defined by (2.6) with 2p = 8, and d_ and _ are defined by (2.5).
Next we shall describe the ENO scheme for (2.1). In the above we have described the discretization for the spatial derivatives
Next we use a third order TVD (total variation diminishing) Runge-Kutta method [11] to discretize the resulting ODE:
obtaining:
Notice that we have used the property P4 o P4 = P4 in obtaining the discretization (2.10) from (2.9).
This explicit time discretization is expected to be nonlinearly stable under the CFL condition
_x_x2+_ySy 2 <1 (2.11) (see [11] ). For small # (which is the case we are interested in) this is not a serious restriction on At.
Numerical Results
We present two numerical examples in this section.
Example 1" This example is used to check the third order accuracy of our ENO scheme for smooth solutions.
We first take the initial condition as
which was used in [5] . The exact solution for this case is known:
1 We take Ax = Ay = _ with N = 32, 64,128 and 256. The solution is computed up to t = 2 and the L_ error and numerical order of accuracy are listed in Example 2: This is our test example to study resolution of ENO schemes when the grid is coarse. It is a double shear layer taken from [1] :
where we take p = r/15 and 6 = 0.05. The Euler equations (# = 0) are used for this example.
The solution quickly develops into roll-ups with smaller and smaller scales, so on any fixed grid the full resolution is lost eventually. For example, the expensive run we performed using 5122 points for the spectral collocation code (with a 18-th order filter (2.4)) seems able to resolve the solution fully up to t = 8, then begins to lose resolution as indicated by the wriggles in the vorticity contour at t = 10 (the last contour in Fig. 1 Table   3 .3). 
